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Introduction 
In this contribution, we examine the rank-3 CMF codebook proposed  in [1-3] with the consideration of codeword to layer mapping. Based on the codeword to layer mapping, we define the effective codebook size for each codeword. Then the effective codebook sizes of codewords for the proposed CMF codebooks in [1-3] are analyzed.  At the same time, we proposed a rank 3 codebook which has same the effective codebook size for each codeword. 
2

The Effective Codebook Size for Codeword
In LTE MIMO, for rank 3, there are 2 codewords. One codeword has only one layer to transmit. The other has two layers to transmit. For the CMF codeword, the first codeword has 4 Tx antenns to transmit, and for the second codeword, each layer also has 2 Tx antennas to transmit. Considering this structure, we split the codebook into two parts for two different codeword. If we assume 
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 is the rank 3 codebook and CZ is the codebook size, we define the codebook for each codeword as 
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 for codeword 1

and. 
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 is for codeword 2.

where 
[image: image4.wmf](1)

i

W

 is the first column of the ith matrix in the codebook. 
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 is the second and third column of the ith matrix in the codebook. Here we define the codebook size of C1 and C2 as the effective codebook size of codeword 1 and codeword 2.

3 The Effective Codebook Size of different codebook
Here, we analyze the effective codebook size for the codebooks proposed in [1-3]. The results  are summarized in Table 1.
Table 1. Effective codebook size for each codeword of different codebooks
	Codebook 
	Codeword 1
	Codeword 2

	Huawei
	20
	10

	TI
	18
	18

	Fujisu
	18
	11


From the table, we can see that in the codebook proposed in [1-3], the codeword 1 has larger effective codebook size. There is no repeat for the first column of the matrices in the codebook. However, codeword 2 has smaller effective codebook size. There are several repeat for the columns of the second codeword.

Since the second codeword has two layers, it has more data symbols than the first codeword. It is better make the second codeword has the same higher effective codebook size.
4

Proposed Codebook
Based on the pervious analysis, we propose the rank 3 codebook as follows:
Table 2. proposed rank 3 codebook

	· 
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	Index 0 to 3
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	Index 4 to 7
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	Index 8 to 11
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	Index 12 to 15
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	Index 16 to 20
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From table 2, we can see that the effective codebook size of the proposed codebook is 20 for both codeword 1 and codeword 2.
4
Simulation Results
Link level simulations are performed to evaluate the codebooks proposals. The simulation parameters are given in the table 3.  Fig.1 shows the codebooks performance in SCM channel where the transmission rank was fixed to be 3. 
In the figures we observe the codebook with large effective codebook size has better performance.  It match our analysis well.
.
Table 3  Link simulation parameters

	Parameter
	Value

	Carrier frequency
	2.0 GHz

	System bandwidth
	5MHz

	Data transmission BW
	4 RBs (12 subcarriers)

	Slot format
	Normal CP (7 symbols per slot)

	Channel model
	SCM

	Antenna configuration
	4x4

	Channel coding
	Turbo code

	Modulation
	QPSK, 16QAM, 64QAM

	Receiver
	Linear MMSE

	Channel estimation
	Ideal

	BLER target
	1% at 1st subpacket

	CQI feedback delay
	0ms

	Rank
	3
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Fig.1 Link Performance of UL codebooks (rank =3)

5
Summary

In this contribution, we examine the rank-3 CMF codebooks proposed  in [1-3] with the consideration of codeword to layer mapping. Based on the codeword to layer mapping, we define the effective codebook size for each codeword. Then the effective codebook sizes of codewords for the proposed CMF codebooks in [1-3] are analyzed.  At the same time, we proposed a rank 3 codebook which has maximum effective codebook size for each codeword, that is, 20 for both.
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